Key indicators: single-crystal X-ray study; T = 293 K; mean (Fe-O) = 0.001 Å; Hatom completeness 83%; disorder in main residue; R factor = 0.023; wR factor = 0.068; data-to-parameter ratio = 16.4. (OH,Cl) 10 , which includes pyrosmalite-(Mn), as well as friedelite and mcgillite, two polytypes of pyrosmalite-(Mn). This study presents the first structure determination of pyrosmalite-(Fe) based on singlecrystal X-ray diffraction data from a natural sample from Burguillos del Cerro, Badajos, Spain. Pyrosmalite-(Fe) is isotypic with pyrosmalite-(Mn) and its structure is characterized by a stacking of brucite-type layers of FeO 6 -octahedra alternating with sheets of SiO 4 tetrahedra along [001]. These sheets consist of 12-, six-and four-membered rings of tetrahedra in a 1:2:3 ratio. In contrast to previous studies on pyrosmalite-(Mn), which all assumed that Cl and one of the four OH-groups occupy the same site, our data on pyrosmalite-(Fe) revealed a split-site structure model with Cl and OH occupying distinct sites. Furthermore, our study appears to suggest the presence of disordered structural water in pyrosmalite-(Fe), consistent with infrared spectroscopic data measured from the same sample. Weak hydrogen bonding between the ordered OH-groups that are part of the brucitetype layers and the terminal silicate O atoms is present. 
Related literature
For pyrosmalite-(Fe), see: Zambonini (1901) ; Vaughan (1986) ; Pan et al. (1993) . For other minerals of the pyrosmalite series, see : Frondel & Bauer (1953) ; Stillwell & McAndrew (1957) ; Také uchi et al. (1963 Také uchi et al. ( , 1969 ; Kashaev & Drits (1970) ; Kashaev (1968) ; Kato & Také uchi (1983) ; Kato & Watanabe (1992) ; Ozawa et al. (1983) ; Abrecht (1989) ; Kodera et al. (2003) . Correlations between O-H streching frequencies and O-HÁ Á ÁO donor-acceptor distances were given by Libowitzky (1999) . The presence of H 2 O in the pyrosmalite series was proposed by Kayupova (1964) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ). Minerals of the pyrosmalite series are generally related to metamorphism in close association with Fe-and Mn-rich silicates and oxides (e.g., Frondel & Bauer, 1953; Stillwell & McAndrew, 1957; Vaughan, 1986; Abrecht, 1989; Pan et al., 1993; Kodera et al., 2003) . The Fe-rich members of the series are called pyrosmalite-(Fe) (previously ferropyrosmalite), whereas the Mn-rich members include pyrosmalite-(Mn) (previously manganpyrosmalite), and friedelite, a polytype of the series with the c-axis three times that of pyrosmalite-(Mn), as well as mcgillite, Mn 8 Si 6 O 15 (OH) 8 Cl 2 , an ordered form of friedelite with the c-axis twelve times that of pyrosmalite-(Mn) (Ozawa et al., 1983) . The polytypism in the pyrosmalite group of minerals has been regarded to be similar to that of the micas (Frondel & Bauer, 1953; Takéuchi et al., 1969; Kashaev & Drits, 1970; Kato & Takéuchi, 1983; Ozawa et al., 1983) .
D-HÁ
The crystal structure of pyrosmalite-(Mn) was first investigated by Takéuchi et al. (1963) without giving any detailed structure information. Kashaev (1968) reported a partial structure model for pyrosmalite-(Mn) based on photographic X-ray intensity data of 35 reflections collected from a crystal with X Fe = Fe / (Fe + Mn) = 0.39. By means of Weissenberg and precession methods, Takéuchi et al. (1969) determined the structure of pyrosmalite-(Mn) from a crystal with X Fe = 0.18 (R = 19.8%). Using a four-circle X-ray diffractometer, Kato & Takéuchi (1983) examined two pyrosmalite-(Mn) crystals, one having X Fe = 0.46 and the other X Fe = 0.18. Their structure refinements on atomic coordinates and isotropic displacement parameters resulted in R = 6.0% and 10.5% for the former and latter crystals, respectively. The structure of friedelite was solved by Kato & Watanabe (1992) in space group C2/m (R = 20.3%). However, despite its first description in the early twentieth century (Zambonini, 1901) , the structure of pyrosmalite-(Fe) has remained undetermined hitherto. This study presents the first structure refinement of pyrosmalite-(Fe) on the basis of single-crystal X-ray diffraction data.
Pyrosmalite-(Fe) is isotypic with pyrosmalite-(Mn) (Kashaev, 1968; Takéuchi et al., 1969; Kato & Takéuchi, 1983) . Its structure is characterized by brucite-type layers of FeO 6 -octahedra alternating with sheets of SiO 4 tetrahedra along [001] .
The tetrahedral sheets consist of 12-, 6-, and 4-membered rings of SiO 4 tetrahedra with a ratio of 1:2:3 (Figs. 1 and 2). Kato & Takéuchi (1983) noted that the SiO 4 tetrahedra in pyrosmalite-(Mn) are elongated towards their apical oxygen atoms (O4). Similar results have also been found in pyrosmalite-(Fe). The average length (2.678 Å) of the pyramidal edges is 4.3% longer than that (2.568 Å) of the basal edges. It is intriguing to note that all previous structure refinements on pyrosmalite-(Mn) assumed a disordered model with Cl and OH1 occupying the same site, which resulted in a markedly large isotropic displacement parameter for the site that is more than twice as large as that of other anion sites, and R > 6% (Takéuchi et al., 1969; Kato & Takéuchi, 1983) . Using the same disorder model for Cl and OH1, we arrived at similar results [R 1 = 6.1%, GOF = 1.621, and an unreasonably large U iso value for the (OH1,Cl) site]. Examination of difference Fourier maps from our structure refinements, nonetheless, uncovered an outstanding residual peak that is 0.74 Å away from OH1.
By introducing a split-site model, in which Cl and OH1 occupy symmetrically distinct sites, we obtained R 1 = 2.89% and supplementary materials sup-2 GOF = 1.076. The refined Cl content from the split-site model is 1.86 atoms per formula unit (apfu), in excellent agreement with the value of 1.7 apfu from the electron microprobe analysis.
Another interesting feature from our structure refinement on pyrosmalite-(Fe) is a small, but noticeable residual peak in the difference Fourier synthesis, which is located within the 12-membered tetrahedral rings (Fig. 1) . Because the determined structure formula is charge-balanced without considering this site, the best assignment for the site would be a disordered water molecule. With this assumption, a further refinement reduced R 1 from 2.89 to 2.32%, which yielded 15% site occupancy of H 2 O, or an overall structure formula (Fe,Mn) 10 , was determined with a CAMECA SX50 ele ctron microprobe at the conditions of 15 kV, 20 nA, and a beam size of 10 µm (http//rruff.info).
Refinement
Three H-atoms were located near OH2, OH3, and OH4 from difference Fourier syntheses and their positions refined freely with a fixed isotropic displacement parameter (U iso = 0.03). The Ow1 site, partially occupied by H 2 O, was refined with the isotropic displacement parameter only. During the structure refinements, the small amount of Mn was treated as Fe, because of their similar X-ray scattering powers. In addition, the refinement assumed full occupancy of all octahedral sites by Fe, as the overall effects of the trace amount of Mg on the final structure results are negligible. The highest residual peak in the difference Fourier maps was located at (0.3388, 0.4390, 0.2383), 0.67 Å from O4, and the deepest hole at (0.5198, 0.4802, 0.9750), 0.49 Å from Fe3.
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